This work aims to study the phenomenon of scaling observed in the hot water pipelines in the southern seaside touristic installations of Agadir city. This phenomenon has led to the formation of solid deposits and adherents to the internal walls of the facilities of the hot water. This deposit is at the origin of several technical, economic and environmental problems. It causes a decrease in the lifetime of boilers and a reduction of thermal exchanges and consequently a decrease in the energy efficiency of heating systems. In the present study, the samples of scale have been carried out at different points of hot water pipelines. The characterization of different scale samples recovered was conducted by X-ray fluorescence (XRF), elemental analysis (CHNS-O), infrared spectrometry (IR), thermogravimetric analysis (TGA), differential thermal analysis (DTA), X-ray diffraction (XRD) and scanning electron microscopy (SEM). Analytical results showed that scale samples collected on different sites in touristic hot water system are mostly formed by calcium carbonate. Thermodynamic conditions in the site were favourable to the aragonite variety formation.
Introduction
The region of Souss Massa occupies an important place in the touristic industry of Morocco both by its natural and cultural riches as well as by its performance in the tourism sector. Agadir city remains the first destination of the Kingdom by a hotel capacity of 27,542 beds approximately. Touristic installations offer 16% of jobs in the region [1] . Agadir city has everything to meet its national and international visitors through offers and various products and adapted to the expectations of the customer. For this, it is imperative to make efforts to protect this sector at all levels: human resources, environment, etc.
Agadir city is served with water from groundwater sources. Wells and boreholes produce on average 250 l/s and superficial (stations for the treatment of Sidi Boushab 300 l/s and that of Tamri 700 l/s supplied respectively by the waters of the Dams Abdelmoumen and Moulay Abdellah. The hotel sector which has consumed 2265.103 m 3 of water in 2014 [2] faces some problems relating to clogging of hot water pipelines due to the scaling phenomenon.
The present work has for object the identification and characterization of deposits of scale formed in hot water pipelines in the south of the touristic area of Agadir. The samples of scale have been carried out at different points. Well distributed according to the standardized methods. Several analytical techniques were used: elemental analysis CHNS-O, XRF, IR, DTA, TGA, XRD and SEM.
Materials and Methods

Site of the Study
Agadir city is located on the shore of the Atlantic Ocean near the foot of the western High Atlas Mountains. The collection of the Scale has been made at the level of different installations of hot water in the southern seaside touristic establishments of Agadir located at coordinates: (30.39, −9.59) ( Figure 1 ). These samples are the same kind and have the same structure. We give below the results for a deposit collected in a hot water pipeline of a tourist unit. . The mode used is the "total reflectance attenuated" (ATR). X-ray diffraction analysis was done using the appliance PAN Analytical using a diffractometer type X-Pert-Pro with an anode material of copper and a monochromator of Cu-Kα radiation (λ = 1.5406 Å). The applied voltage is 45 kV with a current of 40 mA at 25˚C. The sample morphologies are directly examined by scanning electron microscopy (SEM) using a FEG Zeiss Supra running at an accelerating voltage of 3 kV to limit load on the sample. The thermogravimetric analysis (TGA) and differential thermal analysis (DTA) were carried out on a thermal analyser (DTG-60), under air from 0˚C to 1100˚C to heating rate of 10˚C/min. The Elementary Analysis CHNS/O is carried out with 2000 Flash EA 1112, thermo Fisher Scientific. Software used: EAGER 300. 
Methods of Analysis
Results and Discussion
X-Ray Fluorescence Analysis
The qualitative analysis by X-ray fluorescence (XRF) was used to identify the chemical elements in the scale samples. Figure 2 shows the spectrums of major elements found in the hot water scale samples. According to the Figure 2(b) , the calcium is the major element. It presents an intense peak at the wavelength 0.336 nm. It is followed by the Iron at 0.193 nm (Figure 2(a) ), the Silicon at 0.713 nm (Figure 2(c) ). Others elements such as Strontium, Sulfur, Chromium, Magnesium, Oxygen are also present with peaks of low intensities, and trace amount of other elements such as Nickel, Zinc, Phosphorus, Titanium, Manganese, Sodium, and Potassium.
XRF quantitative analysis results are presented in Table 1 . They show that the scale consists mostly of calcium carbonate with a content which reached 92.98%. In addition, it was also observed that the loss on ignition for scale was found to be 44.33%. This high value of loss is caused mainly by decomposition of calcium carbonate with formation of calcium oxide (CaO) and carbon dioxide (CO 2 ) according to the reaction [3] :
CaCO s CaO s CO g → +
The calcium oxide (CaO) is the major oxide in scale samples. It represents 52.07 wt%. Other oxides are also detected with very low contents. The silica (SiO 2 ) and magnesium 
Elementary Analysis CHNS/O
The Elemental chemical Analysis CHNS/O has been conducted to determine the percentage of the mass of Carbon, Hydrogen, Nitrogen, Sulphur or Oxygen in the scale samples. Table 2 summarizes the analytical results obtained. It shows that the scale studied contains 49.68% of oxygen and 10.70% of carbon. These values correspond to mass proportions of oxygen (48%) and carbon (12%) in calcium carbonate molecules.
The hydrogen and sulphur elements are present with very low percentages which are respectively 0.35% and 0.17%. The nitrogen element has not been detected as seen at Table 2 .
Infra-Red Analysis
The analysis by IR spectroscope has given the results presented in Figure 3 . The spectrum has allowed to identify the absorption bands corresponding to the different vibration characteristics bonds in the scale sample. This spectrum shows characteristics bands of the CO − and the surface adsorption of ambient water [5] . The spectrum of the aragonite is characterized by a double peak at 700 and 713 cm −1 [6] . Compared to calcite, aragonite is less stable under ambient thermodynamic conditions. It has an orthorhombic crystal structure. Experimental parameters of structure found by Dickens and Bowen a = 4.9598 Å, b = 7.9641 Å, and c = 5.7379 Å [7] [8].
Thermal Analysis
The thermal decomposition of sample is shown in Figure 4 . DTA curve shows endothermic peaks in the region of 0 to 300˚C associated to the elimination of the surface and lattice water. Whereas, the endothermic peak at 800˚C is attributed to the decomposition of calcium carbonate CaCO 3 to CaO and CO 2 . TGA analysis curve show a total mass loss of 41%:8% loss of surface and lattice water between 0˚C to 300˚C and 33% at high temperature associated to the elimination of vapors such as CO 2 generated by the decomposition of calcium carbonate. These observations are in agreement with the literature data (39% to 43% for a temperature between 500˚C and 700˚C and the 44% as theoretical value) [5] [9]. Figure 5 presents the XR diffractogram of studied scale. It also shows that the scale es- [17] . Indeed, the high temperature in the piping of the hot water favours the formation of aragonite [16] .
X-Ray Diffraction Analysis
Scanning Electron Microscopy Analysis (SEM)
The scale samples analysis with the scanning electron microscopy (SEM) has given results as we can see at Figure 6 . Micrographs obtained show that the scale structure is in the form of needles which confirms that it is composed of Calcium Carbonate CaCO 3 , type aragonite [14] [18].
Conclusions
The use of various analytical techniques has allowed us to identify and characterize the solid deposits found in the internal walls of hot water pipes in the south of the touristic area of the Agadir city. Quantitative analysis results showed that calcium carbonates amount exceeds 93 wt%. The carbonates anion has been well identified in the infra-red spectrum. The process of decomposition of calcium carbonates has been highlighted by the quantitative analysis by XRF. The calcium oxide CaO represents 52% of the scale weight. Thermal analysis results confirmed this result and showed the calcium carbonate decomposition process. The crystal structure of the scale is the aragonite variety as it has been determined by X-ray diffraction. Micrographs obtained by scanning electronic microscope confirm this structure.
Indeed, the scale deposited in the hot water system is mostly formed of calcium carbonate. Due to temperature, particles of calcium carbonate were crystallized under the aragonite variety. These results will allow us to focus our research of suitable inhibitors of scaling in order to prevent the deposit of scale in the hot water system in the touristic area in Agadir city.
